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(71) We, The Rank Organisation 
Limited, of Millbank Tower. Millbank, 
London, S.W.I, a British Company, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by wluch it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

The present invention relates to s^o- 
mechanisms and particularly though not ex- 
clusively, to servomechanisms for use in con- 
trolling the position of the movable element 
or elements of a zoom lens. Embodiments 
of the invention find utility, however, in any 
application where it is desired to move an 
element within a restricted range. 

One of the problems associated with 
servomechanisms when used in this way is 
that there is frequently an unacceptable 
shock as the controlled element reaches the 
end of its limited travel, lii the case of the 
movable element of a zoom lens, for ex- 
ample, the range of movement is defined 
between end stops and it is esseruial to 
avoid damaging the lens element as it strikes 
the end stop and, no less important, to avoid 
the jolt v/hich is transmitted to the picture 
being talcen while zooming, and the resulting 
acoustic noise picked up by studio micro- 
phones. 

Various systems have been previously pro- 
posed to overcome this disadvantage wliich 
is particularly acute when the control signal 
input of the servomechanism is a velocity 
demand signal since the possibility of driv- 
ing the controlled element at full speed into 
one of the end stops is quite high. One pre- 
viously proposed arrangement for overcom- 
ing the problem mentioned above is de- 
scribed in British Patent No. 1.350,084; this 
arrangement utilizes a position sensitive de- 
vice to detect when the controlled element 
is a predetermined distance from the end 
stops and acts to apply an overriding control 
to the servomechanism to reduce the veloc- 
ity demand input to a preselected acceptable 
value. This arrangement v/as not entirely 
satisfactory, however, since no account was 
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taken of the velocity at which the controlled 
element was travelling as it passed the criti- 50 
cal point approaching an end stop. In order 
for. the useful range of the oontioUed element 
to be fully utilised it was necessary to locate 
the critical position fairly dose to the end 
stops and this gave rise to unacceptable 55 
jerklness when the controlled element 
passed Uie critical position at maximum vel- 
ocity since the deceleration in this case was 
considerably higher than the deceleration 
which would occur if the controlled element 60 
were travelling at a lower velocity. The 
reason for this is that in this prior system 
the "braking distance" over which the con- 
trolled element slov/ed down to the preset 
approach speed for its approach to and im- 65 
pact against the end stops was a set distance 
which did not vary with the velocity of ap- 
proach of the controlled element as it 
passed the critical position. 

According to tlie present invention there is 70 
provided a servomechanism for controlling 
the movement of a movable element in each 
of two opposite dkections between tv/o end 
positions, having control means for produc- 
ing a velocity demand signal for selecting a 75 
desired velocity of the controlled element, 
means sensitive to the position of the con- 
trolled element and operative to produce a 
signal representmg the position of the con- 
trolled element, and a deceleration control 80 
circuit, including a comparison device, sen- 
sitive to the velocity demand signal and to 
the position signal and operative to cause 
the controlled element to decelerate sub- 
stantially at a predetermined rate, which rate 85 
is independent of tlie selected velocity of 
the controlled element prior to the com- 
mencement of deceleration, as it approaches 
one or other of the said end positions, if the 
velocity of the controlled element is above a 90 
predetermined value. 

Embodiments of the present invention are 
thus capable of effectively adjusting the 
critical position at which the controlled 
movable element begins to slow down, in 95 
dependence on the vdocity of the controlled 
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clement so thai the rate of deceleration is 
subsiaiuially ilie same regardless of the vel- 
ocity at whicii the controlled element is trav- 
elling in tlie middle of its range of travel 
5 and as it initially approaches one of the end 
positions of its range of travel. 

1m one embodiment of the present inven- 
tioji the deceleration control circuit is so 
arranged that the velocity of the controlled 

10 element is reduced to at most the said pre- 
c'Olermined velocity when it reaches one of 
the said end positions. In such an embodi- 
nieni the velocity of the controlled element 
is n ormally reduced to less than the prede- 

15 temiined velocity before it reaches either end 
position, if the velocity demanded bv the 
control means is greater than the said' pre- 
determined velocity. If the demanded veloc- 
ity -M' the controlled element is less than this 

20 p.vdct-:rmined velocity it is allowed to ap- 
proach the end position at the velocity dc- 
ierrnin.*d by the said control means. 

In an alternative embodiment the decel- 
craiion c/»nirol circuit is so arranged that the 

-5 velocity of the controlled element is reduced 
to subsianlially the predelennined value 
when it reaches either of the end stops. In 
other words the ser\'omechanism is so ar- 
ran^ied that the vclociiy of the controlled 

30 c!cm^*nt is always substantially the same as 
ii Mrlkcs an cn .1 stoo defining the end posi- 
tion of the range of movement of the con- 
iro'Icd clement. 
Tiic control means preferably includes an 

35 amplilicr the output from which represents 
liie said velocity demand signal, and the de- 
celeration control circuit Tncludes at least 
two impedances coupled to receive the out- 
put signal from the amplifier, the impedances 

40 being eitiier linearly or non-line?,rly depend- 
ent «^n ihc output signal from the' amplifier 
and forming part of a control loop wiiich 
feeds signals to and receives signals from 
the comparison device of the deceleration 

45 control circuit. The signals received from 
the said comparison device are preferably 
only received when the controlled element 
approaches the end positions so that the said 
two impedances have no effect on the opera- 

50 tion of the servomechanism in the mid ranee 
of movement of the controlled element. The 
linear or non-linear characteristics of these 
impedances, however, control the relation- 
ship between velocity and position of the 

55 controlled clement during its deceleration 
so that the deceleration may be at a constant 
(linear) rate or at a varying (non-linear) rate 
depending on the characteristics of the im- 
pedances. 

60 In a preferred embodiment there are pro- 
vided attenuators coupled to the output of 
the said amplifier producing the said velocity 
demand signal from the said control means, 
the attenuators being effective, when opera- 

65 ted, to attenuate the said velocity demand 



signal from the said amplifier. The output 
signal from the .said amplifier controls the 
operation of the remainder of the ser\'omech- 
anism and accordingly attenuation of this 
output will cause the desired deceleration of 70 
the controlled element. 

In the preferred embodiment mentioned 
above there is provided a second amplifier 
coupled to receive signals from the said two 
impedances at one input and signals from 75 
the said comparison device at the other in- 
put, the output being coupled to control the 
operation of the said attentuators. Since the 
comparison device only produces output 
signals near the ends of 'the range of move- 80 
ment of the controlled element" the output 
of the second amplifier is insufficient to 
operate the attenuators when the controlled 
element is in the middle of its range. 

Preferably the comparison device com- 85 
pr:ses a pair of rectifiers coupled in parallel 
v/ith opposite polarity, signals representing 
the said demand sisnal beinsT fed to one of 
the junctions between the two rectifiers and 
the signals representing the position of the 90 
controlled element being fed to llie other 
junclion of the rectifiers, the anodes of the 
two rectifiers being positively and ncgativelv 
biased respectivelj''. Thus one or other of the 
rectifiers will conduct v/hen the potential dif- 95 
ference across it, determined effectively by 
the demand signal and the position signal, is 
su^h that the rectifier is forward biased. 

The attenuators preferably comprise tran- 
sistors which are controlled to conduct when 100 
the comparison device produces a signal to 
the second amplifier. 

One embodiment of the invenilon will 
now be more particularly described, by way 
of example, with reference to the accom- 105 
panying drawings, in which: 

Figure 1 is a block diagram illustrating 
th^e general arrangement of one embodiment 
of the invention; 

Figure 2 is a schematic circuit diagram 110 
of a particular example of the embodiment 
of Figure 1; and 

Figure 3 is a diagram illustrating the vari- 
ation of the speed of a controlled element 
with respect to the position thereof, at vari- 115 
ous settings of the control element within a 
restricted range. 

Referring now to Figure 1 there is shown 
a block diagram of a circuit for controlling 
a movable element of a zoom lens. The 120 
movable element is controlled from a manu- 
ally operable control device 11 which pro- 
vides a signal In dependence on the required 
velocity of the controlled element. The sig- 
nal is passed along a line 12 via a circuit 13 125 
to a servo actuator 14. The servo actuator 
14 operates to produce a mechanical move- 
ment of a controlled element 15. A posi- 
tion sensor 16 is coupled to detect the 
movement of the controlled clement 15 and 130 
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to provide an electrical signal along line 17 
to a comparison device 18 which will be 
described in greater detail below. The posi- 
tion sensor 16 may equally well be cou|ded 
5 to the actuator 14 cither directly or via a 
mechanical transmission. This alternative, 
of course has no effect on the manner of 
operation of the system. 

The output from the circuit 13, in addi- 
10 tion to being coupled to the servo actuator 
14 is also coupled to a pair of attenuators 19, 
20 respectively, and an impedance circuit 
10 the operation and purpose of which will 
be described below. 
15 The output of the impedance circuit 10 is 
coupled via a resistor 21 to one input of a 
high gain difference amplifier 22 the other 
input of which is connected to the compari- 
son device 18, The amplifier 22 is coupled 
20 in a feedback configuration with a circuit 
23 so that the connection between the input 
of the amplifier 22 and the comparison de- 
vice 18 provides a two way path for signals. 
That is, the output of the amplifier is fed to 
25 an input of the comparison device and the 
coinnarison device h connected to one input 
of the amplifier 22. The output of the ampli- 
fier 22 also passes via an attenuator 24 to 
control gates of the attenuators 19 and 20. 
30 Referring now to Figure 2 there is 
shown a schcma.tic circuit diagram illustrat- 
ing in greater detail the embodiment illus- 
trated in Figure 1, in which the circuit 13 
comprises an amplifier 33, a feedback re- 
35 sister 34 and an impedance element in the 
form of a resistor 35 coupled between the 
output of the amplifier 33 and the p)osition 
at v/hich the feedback resistor 34 is con- 
nected. The impedance network 10 is coupled 
40 at the same point of die output of the circuit 
13 as the feedback resistor 34 and, in this 
emhndiment, comprises tv/o resistors 10a 
and \0h connected in series with a refer- 
ence potential, which may be earth. 
45 The junction of the two resistors 10a and 
10^ is coupled via a resistor 21 to one input 
of the difference amplifier 22 the output of 
which is fed back via a resistor 23 to the 
other input thereof. The output of the am- 
50 plifier 22 is also fed, as mentioned above, 
via £ui attenuating network 24 to the con- 
trol gates of two attenuators 19, 20 which in 
this embodiment are the bases of two re- 
spective transistors 36 and 37. The miitters 
55 of the two transistors arc coupled together 
and to a reference potential, and the collec- 
tors of the two transistors 36 and 37 are 
respectively connected to diodes 38 and 39 
which are connected, with opposing polari- 
60 ties, to the output of the circuit 13. 

The second input of the amplifier 22 is 
also coupled to one side of the comparator 
device 18 which in this embodiment com- 
prises a pair of diodes 40 and 41 coupled 
65 in parallel with opposite polarity to each 



other, one junction between the diodes 40 
and 41 being directly coupled to the input 
of amplifier 22, and two resistors 43, 44 be- 
ing connected to respective diodes 40, 41 and 
to the wiper of a potentiometer 42 comiec- 70 
ted between positive and negative reference 
potentials. 

The potentiometer 42 is coupled to the 
controlled clement which, for example, may 
be the movable element of a zoom lens, so 75 
that the signal from the potentiometer pro- 
vides an indication of the position of the 
movable controDed element. Between the 
diode 40 and the resistor 43 there is con- 
nected one end of a resistor 45 the otlier end 80 
of which is connected to a positive reference 
potential, and between the diode 41 and its 
associated series transistor 44 there is con- 
nected one end of a resistor 46 the other 
end of which is connected to a negative re- 85 
ference potential. 

The operation of the circuit described 
above is as follows: — 

A signal from the control means 11 is 
passed to the input. of the amplifier 33 where 90 
it is amplified and fed to the servo actuator 
14 to effect movement of the controlled ele- 
ment. If neither of the attenuators 19 and 
20 are operating, that is if the transistors 
36 and 37 are both non-conductive, then the 95 
signal from the control device 11 will be 
passed substantially unmodified to the servo 
actuator 14. 

The impedance network 10, being fed 
from the output of the circuit 13 thus pro- 100 
vides a signal to the input of the amplifier 
22 which depends solely on the value of the 
output from the circuit 13. 

At the middle of the range of movement 
of the controlled draient the potentiometer 105 
42 will provide a signal midway between the 
reference potentials supplied to the resis- 
tors 45 and 46 and accordingly neither of 
the diodes 40 or 41 v/ill conduct. The sec- 
ond input to the amplifier 22 is thus deter- 110 
mmed solely by the feedback through the 
resistor 23 and the amplifier 22 accordingly 
acts simply as a voltage follower. The out- 
put of the amplifier 22 is thus determined 
by the impedance network 10 and. after 115 
attenuation at the attenuation network 24, 
the signal from the output of the amplifier 
22 is insufficient to render either of the 
transistors 36 or 37 conducting. 

As the controlled element approaches one 120 
end of its travel, the signal applied to the 
comparison device 18 from the potentio- 
meter 42 will begin to approach the reverse 
biasing voltage applied to one of the diodes 
40 and 41 by the amplifier 22 and the bias- 125 
ing resistors 45 and 46. The signal from the 
amplifier 22 depends on the value of the 
signal from the control device 1 1 so that the 
precise position at which one of the diodes 
40 or 41 becomes forward biased will depend 130 
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not only on the position of the controlled 
element but also on the velocity at which it 
is travelling. 
When one of the diodes 40 or 41 becomes 
5 forward biased there is an additional input 
signal to the amplifier 22 and this causes an 
increase in the output of the amplifier 22; 
thus when one of the diodes 40 or 41 is con- 
dueling the amplifier 22 acts as a summing 

10 amplifier with source impedances determined 
by the resistors 43 and 45 or 44 and 46 and 
source voltages or currents determined bv 
the setting of the control device 1 1 and the 
fixed reference or bias levels applied to the 

15 resistors 45 and 46. The voltage level at the 
output of the amplifier is sufiiciently high, 
when either of the diodes 40 or 41 is con- 
ducting to switch the respective transistor 
36 or 37 to a conducting state therebv cios- 

20 ing a path to earth and attenuating 
the signal on the line 12 between the control 
device 11 and the servo actuator 14. 

The precise degree of attenuation is de- 
termined by the voltage drop across the at- 

25 tenuator 19 or 20, this in turn being de- 
termined by the voltage drop across the 
diode together with the bottoming voltage 
oi the respective transistor. Tlie velocity of 
the controlled element 15 thus de.-reascs. 

^0 The feedback loop of the amplifier 33 gen- 
erates an increased error signal at the input 
of the amplifier 33 and this amplifier thus 
becomes saturated. Tbs output impedance 
of the circuit 13 thus increases to a value 
determined by the resistor 35. 

The impedance network 10 following this 
impedance change determines the shape of 
the curve of fall off of the signal on line 12. 
On reversing the polarity "of the velocitv 

^ input signal from the control device 1 1 after 
the sers'o has reached the end position, it 
will be appreciated that the transistor which 
was previously conducting is now biased off 
and therefore cannot affect the servo actua- 
ls tor input signal. The servo actuator can 
therefore operate to move the controlled 
element away from the end position at. if 
desired, up to the maximum velocity. 
With reference to Figure 3 there is shown 

5^ a diagram illustrating the velocity of the 
controlled element with respect to'poshion. 
For example, considering line A as the maxi- 
mum velochy of the controlled element; as 
the controlled element approaches the end 

^5 position the comparison network 18 will 
cause a decrease in the velocity when the 
controlled element gets to the position 
marked A^ If the velocity is lower than the 
maximum velocity, say that indicated bv the 

w line B, then the controlled element will be 
allowed to get to the position B', which is 
closer to the end position than that 
indicated by^ the position before 
the comparison device operates to 

o5 start the deceleration of the controlled 



element. In both cases the deceleration takes 
place at the same rate as shown by the slope 
of the line. At a lower speed, indicated by 
the line C the controlled element will not be 
slowed down at all as it approaches the end 70 
stop as the speed C represents the maxi- 
mum allowable speed of approach of the 
controlled element. It could be arranced for 
the locus of the points A\ B\ where the 
comparison network would first cause de- 75 
celeration of the controlled element, to be 
the same slope as the rate of decel- 
eration of the controlled element when the 
comparison network has operated, hi this 
case the controlled element is always travel- 80 
ling at the same speed as it strikes the end 
stop, whereas in the diagram shown in Figure 
3 the speed of the controlled element as it 
strikes the end stop is less than the maxi- 
mum allowable speed if the demand speed 85 
from the control device 11 is greater than 
the maximum allowable speed. The same 
situation obtains in reverse at the other end 
of the range of movement as is shown by 
the lines A,, B., and C, of Figure 3. It 90 
should be noted that the shape of these lines 
need not necessarily be the same as that of 
hncs A, B and C if a diiferent stopping 
characteristic is desired at the tv/o ends of 
the range of movement of the controlled 95 
element. 

The above embodiment is illustrative only 
ajid modifications may be made within the 
scope of the invention. In one such modi- 
fication (not shov.ii), the diodes 38 and 39 100 
of Fig. 2 are coupled to the line 12 via a re- 
sjstor, v/hose value may be selected so that 
in conjunction with the diodes 38, 39 and 
transistors 36, 37, the overall resistance sives 
a desired final speed; the resistor could of 105 
course be variable to .sive manual cotnrol 
of these factors. Likewise, a selected resist- 
ance may be internos^d betv/een th- diodes 
40, 41 and the amplifier 22 of Fis. 2. This 
effectivelv increases the input impedance of HO 
the amplifier 22 and thus reduces its closed 
loop gain, which makes the transition from 
the selected speed to deceleration less 
abrupt. 

A further advantage of the invention is 115 
that m many applications the actuator or 
controlled element is provided with a posi- 
tion transducer for example to provide a 
reset signal to a position servo control. Thus 
the invention allows such a svstem to be 120 
converted easily to a rate servo with end 
stop velocity limitation by the substitution 
of a limited number of components and 
without the use of complex components 
such as multigang potentiometers. 125 

WHAT WE CLAIM IS: — 

1. A servomechanism for controlling the 
movement of a movable element in each of 
two opposite directions between two end 130 
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positions, having control means for produc- 
ing a velocity demand signal for selecting a 
desired vetocity of the controlled element, 
means sensitive to the position of the con- 

5 trolled element and operative to produce a 
signal representing the position of the con- 
trolled element, and a deceleration control 
circuit, including a comparison device, sen- 
sitive to the velocity demand signal and to 

10 the position signal aiid opsrative to cause 
tlie controlled element to decelerate sub- 
stantially at a predetermined rate, which 
rate is independent of the selected velocity 
of the controlled element prior to the com- 

15 mencemcnt of deceleration, as it approaches 
one or other of the said end positions, if 
the velocity of the controlled dement is 
above a predetermined value. 
2, A servomechanism as claimed in 

20 Claim 1, in which the deceleration control 
circuit is so arranged that the velocity of the 
controlled element is reduced to at most ihe 
said predetermined velocity when it reaches 
one of the said end positions. 

25 3. A servomechanism as claimed in 
Claim 1, in which the deceleration control 
circuit is so arranged that the velocity of 
the controlled element is reduced to sub- 
stantially the predetermined value v/hen it 

30 reaches either of the end stops. 

4. A servomechanism as claimed in 
any of Claims 1. 2 or 3 in which the means 
sensitive to the position of the controlled 
element comprises a potendometer or posi- 

35 tion transducer operative to produce an 
electrical signal in dependence on the posi- 
tion of the controlled cl<mient withm its 
range of movement. 

5. A servomechanism as claimed in 

40 any of Claims 1 to 4 .m which the control 
means includes an amplifier the output from 
which represents the said velocity demand 



signal, and the deceleration control circuit 
includes at least two impedances coupled to 
receive the output signal from the amplifier, 45 
the impedances being either linearly or non- 
linearly dependent on the output signal from 
the amplifier and forming part of a control 
loop v/hich feeds signals to and receives sig- 
nals from the comparison device of the de- 50 
celeration control circuit. 

6. A servomechanism as claimed in 
Claim 5, in v/hich there are provided at- 
tenuators coupled to the output of the said 
amplifier producing the said velocity de- 55 
mand signal from the said control means, the 
attenuators being effective, when operated, 

to attenuate the said velocity demand signal 
from the said amplifier. 

7. A servomechanism as claimed in 60 
Claim 6 ,in which there is provided a second 
amplifier coupled to receive signals from the 
said two impedances at one input and sig- 
nals from the said comparison device at tibe 
other input, the output being coupled to 
control the operation of the said attenuators. 

8. A servomechanism as ckiimed in 
any of Qauns 1 to 7, in which the compari* 
son device comprises a pair of rectifiers 
coupled in parallel with opposite polarity, 
signals representing the said demand signal 
being fed to one of the junctions between 
the two rectifiers and the signals represent- 
mg the position of the controlled element 
being fed to the other junction of the recti- 
fiers, the anodes of the two rectifiers being 
positively and negatively biased respectively. 

9. ^ A servomechanism substantially as 
hereinbefore described with reference to, 
and as shown in, the accompanying draw- 



K G. AMMAN, 
Agent for the Applicants. 
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